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INTRODUCTION		 Building	energy	efficiency	and	energy	use	have	changed	significantly	over	the	last	50	years.	Today,	buildings	are	responsible	for	at	least	40%	of	energy	consumption	in	most	countries.1	And,	today’s	newer	buildings	now	utilize	modern	HVAC	and	lighting	technologies,	which	make	these	buildings	more	energy	efficient	and	environmentally	friendly.		A	way	of	helping	understand	how	building	energy	costs	and	usage	vary	with	time	is	through	the	study	of	related	operational	databases	or	portfolios.	These	portfolios	store	long-term	(e.g.,	many	decades)	data	obtained	from	actual	monthly	energy	bills,	and	the	data	is	then	used	for	statistical	analysis,	ranking,	and	performance	comparison	of	energy	consumption	indicators.2		The	latter	will	be	analyzed	in	this	report	to	help	better	understand	energy	performance	of	buildings	has	changed	over	the	last	50	years,	and	explain	or	suggest	some	ideas	as	to	why	the	changes	occurred.	In	this	study,	there	were	three	time	frames	(pre-1980,	post-1980,	and	new	construction),	five	different	types	of	buildings	located	in	eight	different	climate	zones	throughout	the	United	States.	The	data	and	building	description	used	on	this	report	was	collected	from	the	U.S.	Department	of	Energy	(DOE)	and	the	U.S.	Energy	Information	Administration	(EIA).	The	DOE	offers	numerous	spreadsheets	and	PDF’s	files	with	Energy	Use	Intensities	(EUIs)	for	certain	building	types	for	different	climate	zones.	It	also	shows	energy	costs,	usage	of	lighting,	cooling,	heating,	HVAC	systems	among	others	for	all	types	of	buildings	and	climate	zones	–	each	of	the	three	
time	frames	will	have	this	information	available.	Once	the	building	types	were	selected	as	well	as	the	climate	zones,	the	results	were	analyzed	to	help	draw	some	conclusions	about	the	equipment,	and	how	it	has	improved	over	the	years.	Furthermore,	these	results	were	used	to	understand	how	and	why	energy	consumption	increased	or	decreased	in	all	climate	zones.	After	reviewing	the	energy	performance	data	for	the	whole	buildings,	energy	use	for	the	different	building	types	and	climate	zones	were	evaluated.		Then,	the	equipment	with	most	energy	use	was	ranked	according	to	improvement	over	the	three	time	frames.	Finally,	each	major	system	type	was	analyzed	individually	in	order	to	describe	their	energy	efficiency	improvements	chronologically.	Specifically,	pumps,	fans,	lighting,	and	cooling	were	analyzed	for	electric	consumption	and	heating	systems	were	analyzed	for	gas	consumption.								
	 	
DESCRIPTION	OF	DATA		As	mentioned	before,	the	data	and	building	description	analyzed	on	this	report	was	collected	from	the	U.S.	Department	of	Energy	(DOE)	and	the	U.S.	Energy	Information	Administration	(EIA).	The	DOE	provides	tables	of	Energy	Use	Intensities	(EUI)	for	different	building	types,	each	of	which	has	values	for	different	climate	zones	and	the	three	different	time	frames.	According	to	the	DOE,	there	are	16	building	types	that	represent	approximately	70%	of	the	commercial	buildings	in	the	U.S.,	as	reported	by	the	National	Renewable	Energy	Laboratory.3	The	Commercial	Building	Energy	Consumption	Survey	(CBECS)	classifies	different	building	types	according	to	their	principal	activity,	which	is	mainly	business,	commerce,	or	function	carried	on	within	each	building.	For	this	report	the	selected	building	types	(based	on	DOE	and	CBECS	building	models)	are	as	follows:		1. Medium	Offices:	building	used	for	general	office	space,	professional	office,	or	administrative	offices.	Medical	offices	are	included	here	if	they	do	not	use	any	type	of	diagnostic	medical	equipment	(if	they	do,	they	are	categorized	as	an	outpatient	health	care	building).3,4	a. Floor	area:	53,628	ft2	b. Number	of	floors:	3	2. Warehouses:	buildings	used	to	store	goods,	manufactured	products,	merchandise,	raw	materials,	or	personal	belongings	(such	as	self-storage).3,4	a. Floor	area:	52,045	ft2	b. Number	of	floors:	1	
3. Stand-alone	Retail	(mercantile:	other	than	mall):	buildings	used	for	the	sale	and	display	of	goods	other	than	food.3,4	a. Floor	area:	24,962	ft2	b. Number	of	floors:	1	4. Secondary	schools:	buildings	used	for	academic	or	technical	education.	Buildings	on	education	campuses	for	which	the	main	use	is	not	classroom	are	included	in	the	category	related	to	their	use.	For	example,	administration	buildings	are	part	of	“Office,”	dormitories	are	“Lodging,”	and	libraries	are	“Public	Assembly.”3,4	a. Floor	area:	210,887	ft2	b. Number	of	floors:	2	5. Supermarket	(food	sales):	buildings	used	for	retail	or	wholesale	of	food.3,4	a. Floor	area:	45,000	ft2	b. Number	of	floors:	1		 Furthermore,	commercial	reference	building	models	are	available	for	the	following	categories:	existing	buildings	constructed	before	1980	(“Pre-1980	Construction”),	existing	buildings	constructed	in	or	after	1980	(“Post-1980	Construction”),	and	New	Construction,	which	include	buildings	built	after	2004.3	As	for	locations,	figure	1	shows	all	16	zones,	which	represent	all	U.S.	climate	zones.5	Tables	1-3	display	the	EUI	values	for	the	building	types	and	climate	zones	that	were	used	for	this	study.6			
	Figure	1.	United	States	climate	zones.	Table	1.	Site	Energy	Use	Intensities	(EUI	–	kBtu/ft2/yr)	for	New	Constructions.	
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	Table	2.	Site	Energy	Use	Intensities	(EUI	–	kBtu/ft2/yr)	for	Post-1980	Constructions.	
	 	Table	3.	Site	Energy	Use	Intensities	(EUI	–	kBtu/ft2/yr)	for	Pre-1980	Constructions.	
	 Finally,	the	DOE’s	database	contains	files	with	commercial	reference	building	models	for	New,	post-1980	and	pre-1980,	organized	by	building	type	and	location.	These	U.S.	DOE	reference	buildings	are	complete	descriptions	for	whole	building	energy	analysis.7	Some	of	the	parameters	considered	for	this	study	are	HVAC	efficiency,	electric	and	gas	utility	costs,	energy	uses	(electric	and	gas)	such	as	heating,	cooling,	interior	and	exterior	lighting,	fans,	pumps,	refrigeration,	water	systems,	etc.	
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METHODOLOGY		 After	selecting	five	building	types	and	eight	climate	zones	out	of	the	16	available,	the	overall	annual	results	tables	were	used	to	summarize	the	building	performance	for	all	selected	types.	Subsequently,	one	building	type	and	location	were	selected,	and	then	analyzed	to	understand	what	major	systems	(lighting,	cooling,	refrigeration,	heating…)	changed	over	time	and	why.	Table	4	shows	a	summary	of	the	different	matches	between	building	type	and	locations	that	were	analyzed	for	the	three	building	ages.		Table	4.	Building-location	pairs	chosen	for	system	types	analysis.	
Building	–	location	pairs	
Building	Type	 Location	Stand-alone	retail	 Chicago	(Zone	5A)	Stand-alone	retail	 Miami	(Zone	1A)	Medium	Office	 Houston	(Zone	2A)	Medium	Office	 Duluth	(Zone	7)	Warehouse	 San	Francisco	(Zone	3C)	Warehouse	 Fairbanks	(Zone	8)	Secondary	School	 Seattle	(Zone	4C)	Secondary	School	 Miami	(Zone	1A)	Supermarket	 Houston	(Zone	2A)	Supermarket	 Minneapolis	(Zone	6A)		
RESULTS	 	The	next	step	was	to	evaluate	the	general	electrical	energy	use	for	each	building-location	combination.	As	an	example	of	the	trend,	Graphs	1	and	2	show	the	overall	use	of	electricity	and	gas	for	all	the	equipment	over	the	last	50	years	for	specific	locations.		Graphs	3	to	12	show	the	broader	equipment	breakout	for	electrical	use:	heating,	cooling,	interior	and	exterior	lighting,	interior	and	exterior	equipment,	fans,	and	pumps.	Once	this	information	was	plotted,	the	process	to	explain	which	systems	changed	the	most	over	the	50-year	period	was	a	little	easier.	Then	the	overall	annual	results	tables	were	used	to	find	the	percent	reduction	in	EUI	for	each	building	type	–	for	all	three	building	ages,	using	the	Pre-1980	Constructions	as	the	baseline	as	shown	in	Graphs	13	-18.	Likewise,	percent	reduction	was	calculated	for	gas	heating	systems	and	plotted	as	well	-	Graph	18	shows	the	percent	reduction	in	gas	heating	systems	for	the	different	combinations.	
	
	Graph	1.	Overall	Gas	energy	use	for	medium	offices	in	Duluth.	
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	Graph	2.	Overall	Electric	energy	use	for	medium	offices	in	Houston.	
			
	Graph	3.	Equipment	breakout	for	electrical	energy	use	–	(Stand-alone	retail/Chicago)	
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	Graph	4.	Equipment	breakout	for	electrical	energy	use	–	(Stand-alone	retail/Miami)	
	Graph	5.	Equipment	breakout	for	electrical	energy	use	–	(Medium	offices/Houston)	
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	Graph	6.	Equipment	breakout	for	electrical	energy	use	–	(Medium	offices/Duluth)	
	Graph	7.	Equipment	breakout	for	electrical	energy	use	–	(Warehouses/San	Francisco)	
0%10%
20%30%
40%50%
60%70%
80%90%
100%
Pre1980 Post1980 New
Pe
rc
en
ta
ge
	o
f	E
qu
ip
m
en
t
Time
Equipment	Breakout	of	Electrical	Energy	Use	
(kWh/yr)	- Medium	Offices	- Duluth
PumpsFansExterior	EquipmentInterior	EquipmentExterior	LightingInterior	LightingCoolingHeating
0%10%20%
30%40%50%
60%70%80%
90%100%
Pre1980 Post1980 NewP
er
ce
nt
ag
e	
of
	E
qu
ip
m
en
t
TIme
Equipment	Breakout	of	Electrical	Energy	Use	
(kWh/yr)	- Warehouses	- San	Francisco
FansExterior	EquipmentInterior	EquipmentExterior	LightingInterior	LightingCoolingHeating
	Graph	8.	Equipment	breakout	for	electrical	energy	use	–	(Warehouses/Fairbanks)	
	Graph	9.	Equipment	breakout	for	electrical	energy	use	–	(Secondary	schools/Miami)	
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	Graph	10.	Equipment	breakout	for	electrical	energy	use	–	(Secondary	schools/Seattle)	
	Graph	11.	Equipment	breakout	for	electrical	energy	use	–	(Supermarkets/Houston)	
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	Graph	12.	Equipment	breakout	for	electrical	energy	use	–	(Supermarkets/Minneapolis)		
	Graph	13.	Percent	reduction	in	EUI	for	stand-alone	retail			
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		Graph	14.	Percent	reduction	in	EUI	for	medium	offices		
	Graph	15.	Percent	reduction	in	EUI	for	warehouses		
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	Graph	16.	Percent	reduction	in	EUI	for	secondary	schools	
	Graph	17.	Percent	reduction	in	EUI	for	supermarkets			
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	 Finally,	Table	5	shows	a	list	of	equipment	for	northern	and	southern	climate	zones	listed	in	order	of	highest	percent	energy	reduction.		 Table	5.	Equipment	in	order	of	highest	percent	electric	energy	reduction.	North	 South	Cooling	(86.57%)	 Cooling	(44.38%)	Fans	(44.65%)	 Fans	(37.43%)	Interior	lighting	(21.14%)	 Interior	lighting	(30.95%)	Exterior	lighting	(8.88%)	 Exterior	lighting	(8.60%)	Pumps	(8.37%)	 Pumps	(8.33%)	Refrigeration	(0.39%)	 Refrigeration	(0.46%)		
	
	
	
	
	
	
	
	
	 	
	
	
	
	
	
	
	
	
	
	
	
	
DISCUSSION	
	
Overall	Results	After	looking	at	the	EUI	percentage	reduction	plots	for	the	different	building	types,	only	two	of	the	types	presented	no	change	when	compared	to	the	pre-1980	time	frame.	When	comparing	pre	and	post	1980	for	warehouses	and	supermarkets	in	Miami,	the	change	was	zero.	On	the	other	hand,	when	contrasting	the	pre-1980	EUI	to	the	new	construction,	the	change	was	conspicuous	–	the	percentage	surpassed	100%.	Similarly,	for	supermarkets	in	Miami,	the	change	was	noticeable	but	not	as	big	as	that	one	of	warehouses.	Furthermore,	the	change	in	EUI	between	the	pre-1980	and	post-1980	periods	were	not	bigger	than	13%	for	all	building	types.	However,	the	change	for	pre-1980	and	new	construction	was	larger	than	20%	for	most	of	the	locations	for	all	buildings.	It	is	important	to	point	out	that	the	energy	reduction	for	new	buildings	is	a	lot	larger	than	that	one	for	post	1980	because	of	all	the	advances	of	technology.	For	instance,	most	of	early	cooling	ceiling	systems	developed	in	the	1930’s	failed	because	condensation	often	occurred.	In	1945,	American	developer	William	Levitt	built	a	water	based	copper	pipe	radiant	heating	used	throughout	thousands	of	homes.	Today,	the	application	of	floor	cooling	and	thermal	active	building	systems	in	residential	and	commercial	buildings,	which	are	far	more	efficient,	are	widely	introduced	into	the	market.		 Finally,	the	percentage	reduction	in	heating	for	all	different	combinations	showed	that	the	biggest	improvement	happened	for	warehouses	in	both	locations	(San	Francisco	and	Fairbanks).	The	percentage	reduction	for	post-1980	was	almost	
5%	for	San	Francisco,	but	it	was	43%	for	the	new	buildings.	Likewise,	warehouses	in	Fairbanks	for	post-1980	had	an	11%	reduction,	while	the	new	construction	had	a	percentage	reduction	of	59%,	which	is	a	big	improvement	for	energy	savings.		 Additionally,	medium	offices	in	Houston	and	Duluth	for	both	time	frames	showed	enormous	reduction.	Houston	improved	for	post-1980	almost	66%	and	then	went	up	to	68%.	Duluth	had	a	reduction	of	68%	for	post-1980	buildings	and	then	that	value	improved	to	73%.	In	contrast,	secondary	schools,	and	supermarkets	did	not	have	large	reductions	in	gas	for	heating.	
Equipment	Breakout	Summary	
	
	 Equipment	breakout	of	electrical	energy	use	plots	for	the	selected	climate	zones	display	different	trends	that	are	worth	mentioning.	First,	it	is	important	to	point	out	that	for	half	of	the	zones	selected,	the	equipment	that	consumes	electricity	the	most	is	interior	lighting.	Particularly,	stand-alone	retail	stores	and	warehouses	data	shows	that	interior	lighting	consumes	more	than	40%	for	most	of	the	different	time	frames.	Similarly,	for	medium	offices,	secondary	schools	and	supermarkets,	interior	lighting	represents	20%	of	the	electrical	use	for	most	of	the	zones	and	time	frames.	Furthermore,	the	percentage	of	internal	lighting	use	decreases	throughout	the	time	frames	except	for	warehouses	in	San	Francisco	–	pre	1980	interior	lighting	represents	44%	of	all	electricity	consumed;	post	1980	goes	up	to	47%	while	for	new	construction	is	65%.		
Lighting		 Lamps	have	been	around	for	more	than	100	years.	In	that	time,	there	have	been	many	people	working	on	their	technological	development.	Edison	made	the	
first	practical	incandescent	light	bulb	in	the	1880’s.	An	incandescent	bulb	works	by	heating	a	piece	of	metal,	called	the	filament,	until	it	glows.	If	the	power	level	is	adjusted,	the	bulb	can	glow	different	colors.	Furthermore,	the	typical	incandescent	filament	runs	at	about	2850	K,	resulting	in	the	familiar	yellow	color.8	On	the	other	hand,	fluorescent	bulbs	work	entirely	differently	from	incandescent	bulbs.	They	have	mercury	vapor	inside	a	glass	tube;	when	the	filament	inside	the	bulb	is	excited,	it	emits	electrons	ionizing	the	mercury	and	forming	a	plasma	arc	at	about	1100	K.8	Fluorescent	lamps	became	popular	in	the	1950’s	and	replaced	incandescent	lamps.	Fluorescent	tubes	run	much	cooler	than	incandescent	bulbs	and,	therefore,	consume	one-fifth	to	one-third	the	electric	power.9	Incandescent	lights	are	basically	big	resistors.	For	instance,	a	60	W	bulb	produces	830	lumens,	which	is	only	14	Lm/W.	Higher	power	bulbs	have	slightly	higher	efficiency.	In	contrast,	fluorescent	bulbs	have	considerably	higher	better	efficiency.	A	4-ft	T8	tube	produces	2700	lumens	for	32	W,	which	is	84	Lm/W.	Compact	fluorescent	lamps	(CFLs)	are	even	lower,	about	60	Lm/W.8	Different	lamps	appeared	after	1980	including	the	light-emitting	diode	bulbs	(LED	lamp),	which	started	to	become	popular	in	the	2000’s.	Their	life	span	is	considerably	better	than	that	of	fluorescent	lamps.	10	LED	bulbs	are	far	more	efficient	than	those	employed	before	1980,	which	explains	why	the	energy	consumption	of	both	internal	and	external	lighting	in	warehouses	has	decreased	so	much.	The	average	efficiency	of	LEDs	stood	at	around	80	Lm/W	in	mid	2013,	but	now	it	is	closer	to	100	Lm/W,	according	to	the	US	Energy	Information	Administration.	That	is	far	higher	than	the	efficiency	of	CLFs.10	
	
Fans	 	 		 The	annual	energy	consumption	for	heating	and	cooling	of	commercial	buildings	is	estimated	at	five	quadrillion	BTU.	About	one-third	of	this	energy	is	used	by	the	supply,	return,	and	exhaust	fans.11	Furthermore,	fans	use	approximately	40%	of	all	electricity	in	HVAC	systems,	and	fans	in	HVAC	systems	had	very	low	total	efficiency	before	1980.12	Although	new	ideas	are	being	discussed	to	increase	fan	efficiencies,	fan’s	inefficiencies	have	not	changed	much	after	1980.	When	talking	about	fans,	it	is	important	to	mention	motors.	Most	fans	are	powered	by	electric	motors.	The	motors	used	in	fan-coil	units	typically	are	multispeed	shaded-pole	or	permanent-split-capacitor	motors.	The	motors	are	small,	and	they	usually	draw	from	50	to	200	watts,	depending	on	the	speed	settins.13	Significant	improvements	in	motor	efficiency	started	back	during	the	1980s,	so	replacing	older	motors	with	high-efficiency	units	offers	improvements	of	10	to	30%.	These	improvements	are	mainly	in	the	design	and	manufacturing	process	and	were	spurred	by	market	pressures	and	regulations.13	Additionally,	electronically	commuted	(ECM)	motors	have	been	introduced	and	applied	in	HVAC	in	order	to	improve	efficiency.	In	fact,	the	major	advantage	ECM	motors	have	to	offer	is	efficiency.	An	ECM	motor’s	efficiency	can	be	as	high	as	82%,	which	is	almost	30%	more	efficient	than	a	permanent	split	capacitor	(PSC)	motor.	PSC	motors	were	used	before,	but	they	have	been	replaced	by	ECM	motors	because	of	the	reduction	in	energy	usage.	ECM	motors	reverse	every	other	half	cycle	of	an	alternating	current	to	form	a	unidirectional	current	–	basically,	they	are	an	electronically	controlled	inverter	moving	a	magnetic	field.	Moreover,	PSC	
motors	have	a	permanent	magnet	on	the	rotor	eliminating	losses	and	making	it	more	efficient.	In	other	words,	the	design	of	a	ECM	motor	is	the	key	to	its	efficiency;	the	PSC	motor	is	not	magnetized	when	the	motor	is	not	energized,	but	the	ECM	motor’s	rotor	is	a	permanent	magnet	and	operates	independent	of	an	electrical	current.14	 	
Cooling	For	cooling	and	heating	in	most	buildings,	the	energy	use	decreased	over	time	as	it	was	expected.	The	first	modern	air	conditioner	was	invented	in	1902	by	Willis	Haviland	Carrier.	He	began	experimenting	with	the	laws	of	humidity	control	to	solve	application	problem	at	a	printing	plant	in	Brooklyn,	NY.	Using	concepts	of	mechanical	refrigeration,	Carrier’s	system	sent	air	through	coils	filled	with	cold	water,	cooling	the	air	while	at	the	same	time	removing	moisture	to	control	the	humidity	of	the	room.	Later	in	1922,	he	coupled	the	centrifugal	compressor	to	the	air	conditioner.	By	replacing	the	cumbersome	piston-driven	compressor,	Carrier	managed	to	reduce	the	size	and	increase	the	efficiency	of	air	conditioners.	In	addition	to	this	improvement,	he	substituted	a	safer	refrigerant,	Carrene,	for	the	lethal	ammonia	gas	previously	used.	In	1931,	chlorofluorocarbon	coolants	(CFC)	were	invented,	a	noninflammable	refrigerant	that	made	air	conditioning	safer	and	less	expensive.15	In	1957,	the	rotary	compressor	was	first	marketed,	permitting	smaller,	quieter,	lighter,	and	more	efficient	units	than	the	reciprocating	type	of	compressor	previously	used.16	After	1980,	industries	shift	away	from	CFCs	and	the	Energy	Department	sets	first	efficiency	standards.17	To	comply	with	these	regulations,	air	conditioning	manufacturers	have	successfully	increased	the	
Seasonal	Energy	Efficiency	Ratio	(SEER)	to	16	or	18	in	the	last	five	years,	exceeding	the	DOE’s	efficiency	standards.18	Most	of	the	air	conditioning	systems	in	the	market	are	still	based	on	the	vapor	compression	refrigeration	technology	developed	some	years	ago,	which	uses	electricity	as	power,	chlorofluorocarbon	(CFSs)		as	refrigerants	and	consists	of	four	basic	components:	compressor,	condenser,	expansion	valve	and	an	evaporator.	This	technology	has	very	advanced	and	has	obvious	advantages,	like	high	coefficient	of	performance	(COP)	and	low	initial	cost.	Moreover,	refrigerants	are	the	key	component	of	the	refrigeration	system,	and	its	performance	depends	on	the	chemical	and	thermodynamic	properties	of	the	refrigerant.	Over	the	past	10	years,	many	advanced	absorption	systems	have	been	developed.19	Today’s	air	conditioners,	while	operating	on	the	same	fundamental	science	as	Carrier’s	system,	incorporate	advancements	in	vapor,	compression,	diagnostics	and	controls,	and	electronic	sensors.18	Twenty	years	ago,	a	typical	system	might	use	6,000	watts	of	electricity	per	hour	to	cool	an	average-size	building.	Today,	that	same	space	can	be	cooled	with	as	little	as	1,710	watts	per	hour.20	
Heating	As	far	as	heating	goes,	Dave	Lennox	built	and	marketed	the	first	the	first	steel	coal	furnace.	Without	electricity	and	a	fan	to	move	heat,	this	furnace	transported	warmth	through	natural	convection.	This	heating	solution	was	sometimes	kept	in	the	basement	at	home.	Since	heat	rises,	it	was	thought	to	warm	the	rooms	above.	In	1935	the	first	forced	air	wall	furnace	appeared;	coal	was	used	as	a	heat	source,	and	the	power	of	an	electric	fan	distributed	heat	through	ductwork	built	into	the	
home.21	These	old	furnaces	had	efficiencies	in	the	range	of	56%	to	70%.22	Today,	there	are	more	heating	systems	with	higher	efficiencies.	For	instance,	electric	heating	systems	have	an	efficiency	in	the	range	of	95%	to	100%	while	efficiencies	of	newer	furnaces	and	boilers	can	go	up	to	98%.22	Another	important	factor	to	consider	when	talking	about	heating	and	cooling	improvements,	and	therefore,	energy	efficiency	is	insulation.	Insulation	is	meant	to	keep	heat	out	in	the	summer	and	in	during	the	winter,	and	it	is	measured	in	R-value.	Insulation	evolved	very	slowly	until	1932,	when	the	process	to	create	fiberglass	was	discovered	by	accident.	In	the	1940’s	spray-in	polyurethane	foams	became	popular;	they	have	one	of	the	highest	R-values	of	any	mainstream	insulation	material	sold	today.23	As	time	passes,	commercial	buildings	are	required	to	have	higher	insulations	in	order	to	save	energy.	The	most	common	fuels	used	for	space	heating	in	the	United	States	are	natural	gas,	electricity,	propane	and	fuel	oil.	When	it	comes	to	efficiency,	it	is	hard	to	burn	the	fuel	and	obtain	100%	of	the	heat	content.	Electricity	is	different,	on	the	other	hand;	when	converted	into	heat,	there	is	no	heat	lost	through	a	flue.	Therefore,	we	gain	100%	of	the	heat	from	an	electric	furnace.	For	natural	gas,	the	efficiency	is	90%	when	using	high	efficiency	furnaces	for	100,000	BTU	per	CCF	(therm).	Consequently,	efficiency	goes	down	to	80%	for	medium	efficiency	furnaces	and	60%	for	low	efficiency	furnaces.24	
Pumps		 Pumping	systems	are	the	single	largest	type	of	industrial	end-user	of	motor-driven	electricity	in	the	United	States.	Motor	energy	use	accounts	for	25%	while	
pumping	systems	account	for	nearly	20%	of	the	world’s	demand	for	electric	energy.25	In	the	1980s	electronic	controls	enter	the	industry	to	make	pumps	more	energy	efficient,	including	a	series	of	lightweight	portable	pumps	and	high-pressure	pumps	with	the	first	digital-control	panels.26	Additionally,	using	adjustable	speed	drives	and	energy	efficient	motors	to	drive	pumps	have	reduced	energy	usage	considerably.	In	1994,	the	US	Department	of	Energy	(DOE)	estimated	that	electrical	motors	for	pumps	use	roughly	23%	of	the	electricity	sold	in	the	country.	Therefore,	efficiencies	have	increased	in	recent	years	due	to	market	pressure	and	regulations.25	Buildings	are	now	required	to	replace	old	units	for	the	most	efficient	ones	available	in	the	market.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Summary	and	Conclusion	
	 It	was	found	that	building	energy	efficiency	and	usage	have	changed	considerably	for	some	of	the	buildings	chosen	within	this	study.	In	particular,	cooling	and	heating	systems	have	changed	the	most	over	the	past	50	years.	This	is	because	50	years	ago,	buildings	had	little	or	no	insulation	at	all,	and	structures	had	numerous	cracks	through	which	air	leaked.	As	we	move	forward	in	time,	people	become	aware	of	limited	energy	resources,	and	increasing	energy	prices	together	with	the	need	of	occupancy	comfort.	Supermarkets,	schools,	and	most	of	the	buildings	studied	now	require	certain	level	of	insulation	to	be	used	in	walls,	roof,	etc.	The	efficiency	and	design	of	new	cooling	and	heating	systems	have	increased	as	well,	and	the	technology	continues	to	improve.	Moreover,	motor-driven	devices	such	as	pumps	and	fans	have	reduced	their	energy	usage	over	time	thanks	to	new	designs	and	the	further	development	of	high	efficiency	motors.	In	conclusion,	this	research	revealed	that	energy	efficiency	improvements	over	the	last	50	years	have	greatly	reduced	the	energy	use	in	various	commercial	buildings.		And,	historical	trends	suggest	that	these	technologies	will	continue	to	improve	minimizing	the	overall	energy	usage.										
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